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Abstract: We exploit the photoconductivity of semiconductor nanowires to achieve ultrafast broad-bandwidth modulation of THz pulses. A modulation depth of -8 dB was exhibited by a polarizer consisting of 14 layers of nanowires encapsulated in polymer.
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1. Introduction
Enormous advances in terahertz (THz) emitters and detectors have enabled the development of THz technology in a wide variety of applications, ranging from non-destructive materials evaluation to security screening and medical imaging. THz communications, on the other hand, is in its infancy despite its clear promise for high speed wireless communication. The chief bottleneck facing THz communications is a lack of practical THz modulators required to encode information on the THz waveform.
	In this paper we demonstrate THz polarization modulators with high modulation depth, broad bandwidth and fast optical switching. These THz polarizers are based on GaAs nanowires arranged in a wire-grid configuration that are rendered conductive by photoexcitation. The design mimics conventional wire-grid polarizers constructed from metallic nanowires, but exploits the semiconducting nature of the nanowires with conduction that can be switched “on” via photoexcitation (Fig. 1). When photoexcited by an ultrashort optical pulse, nanowires selectively absorb the component of the incident THz pulse (0.1 to 4 THz) polarized parallel to the nanowire axes.

Fig. 1. Schematic diagram illustrating the operation of the THz polarization modulator. Without photoexcitation, the THz pulse is transmitted through the polarizer with minimal absorption (Transmission [1]). Photoexcitation renders the nanowires conductive to absorb the component of the THz pulse oriented parallel to the nanowire axis (Absorption [0]). 

GaAs nanowires are ideal candidates for ultrafast optically switched THz polarizers as they exhibit (i) large broadband photoconductivity in response to photoexcitation by virtue of their high optical absorption coefficients and high electron mobilities (> 1000 cm2V-1s-1) [1], (ii) rapid (< 5 fs) photoconductivity decays due to their short charge carrier lifetimes and high surface recombination velocity [1] and (iii) polarization-dependent absorption of both optical radiation and THz radiation due to the quasi one-dimensional nanowire geometry [2]. The last property is similar to that of carbon nanotubes, with which nanostructured polarizers have been demonstrated previously (e.g. [3,4]).

2.  Results and discussion
We employ optical pump–THz probe spectroscopy and vary the polarization of the optical pump beam to selectively photoexcite nanowires oriented parallel to the pump polarization. The polarizers were constructed by embedding the aligned nanowires in a flexible membrane of parylene C polymer. Films of nanowires-in-polymer were then laminated together to create multilayer films of up to 14 layers. Fig. 2 plots the THz transmission through the polarizers as a function of polarization of the photoexcitation pulse (2 = 0° is polarized parallel to the nanowires and 2 = 90° is polarized perpendicular to the nanowires). Fits to the data show that THz transmission follows a cosine-squared relationship as expected from Malus's law.
The areal density of nanowires increases with the number of layers of nanowires-in-polymer laminated together. Increasing the nanowire density in turn increases the modulation depth and extinction coefficient of the polarizer. The best performance was observed for the 14-layer polarizer, which exhibited a modulation depth of -8 dB. This is significantly better than ultrafast polarizers based on carbon nanotubes, demonstrated previously [4].

Fig. 2. THz transmission through nanowire polarizers as a function of angle of polarization of the photoexcitation pulse.

After photoexcitation, the photoconductivity of the nanowires decayed rapidly with a single exponential time constant of approximately 1 ps. The transient THz absorption similarly decays on a picosecond time scale, and this property allows ultrafast modulation of the THz transmission.
3.  Conclusion
The nanowire-grid polarizer combines a large modulation depth, broad bandwidth and picosecond time resolution for THz wave modulation. These properties make it ideal as a modulator in future high-speed, picosecond THz communication.
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